In order to quantify changes in total respiratory compliance (Crs) Pressurization of the peritoneal cavity for laparoscopic surgery effects an abrupt decrease in total respiratory compliance (CrO, mainly resulting from a decrease in thoracic compliance. 1 Breath by breath monitoring of C~ is made convenient by a commercial side stream spirometry device. 2 In order to assess the changes in C~s coinciding with CO2 insufflation and deflation, we recorded the readings in patients, scheduled for laparoscopic cholecystectomy, fundoplication, and inguinal hernia repair. Our assumption was that C_~ would remain decreased after deflation, as described after gynaecological laparoscopy.3,4 Such a decrement might disturb postoperative respiration.
Pressurization of the peritoneal cavity for laparoscopic surgery effects an abrupt decrease in total respiratory compliance (CrO, mainly resulting from a decrease in thoracic compliance. 1 Breath by breath monitoring of C~ is made convenient by a commercial side stream spirometry device. 2 In order to assess the changes in C~s coinciding with CO2 insufflation and deflation, we recorded the readings in patients, scheduled for laparoscopic cholecystectomy, fundoplication, and inguinal hernia repair. Our assumption was that C_~ would remain decreased after deflation, as described after gynaecological laparoscopy.3,4 Such a decrement might disturb postoperative respiration.
Methods
The study was approved by the local Ethics committee. We recorded the readings of C~ in 32 successive adult ASA 1-2 patients undergoing laparoseopic surgery. The patients were categorized according to the procedure in order to assess the effect of position and that of varying insufflation pressures and duration of pressurization, as necessittted by different surgery: C = cholecystectomy, The patients were anaesthetized using enflurane or isoflurane (end-tidal 0.7-1.3 MAC), or an infusion of propofol (5-7 mg. kg -I" hr -1) in nine C patients, supplemented with a fixed rate infusion of alfentanil (20 o.g" kg-I. hr-l). Normoventilation (end-tidal CO2 5.0-5.5%) was maintained by modifying the tidal volume at 10 breath, min -~, using 40% oxygen-air and a Servo 900 ventilator. At the time of measurement, the patients were momentarily ventilated using a tidal volume of 10 ml-kg -~ and I0 breath, min-L By infusing atracurium, muscular relaxation was stabilized between 90-95%, as judged by tactile evaluation of twitch in response to supramaximal TOF stimulation of the ulnar nerve in an arm protected against cooling by using thermal coverage.
The C~ was measured using a side-stream spirometry device (D-liter) flow sensor and Capnomac Ultirna~, Datex Instrumentarium Corp., Helsinki, Finland), which continuously computes flow and pressure readings derived via a pressure sensor system, attached between the proximal end of the endotracheal tube and the Y-piece. Plateau pressure is signaled for the calculation of compliance. 2 The technique is accurate (+3.5%), the readings reproducible, and calibration simple using a calibration piston. 2,5
The recordings were made prior to peritoneal insufflation, after reaching the desired intraabdominal pressure (10-12 cmH20), and again immediately before and after deflation to atmospheric pressure. The mean of two readings was calculated. The quality of the recordings was ensured by choosing compliance loops not disturbed by surgical manipulation. The results were analyzed as absolute values, as percentages of the initial values, and as absolute and percentage changes from the initial and antecedent values. The absolute values were analyzed using factorial or repeated measures ANOVA, as indicated. The percentage values were compared using Mann-Whitney U test. Linear regression analysis was employed to attest possible associations.
Results
In the three groups, C~ decreased abruptly and equally by about 20% after CO2 insufflation (Table) . The decrement continued during the insufflation period, the change being statistically significant in Groups C and I, and most severe in Group I (P < 0.05 vs the other two groups for the change). Each group showed an equal instantaneous improvement in C~ immediately after deflation. The Crs values of Group C even exceeded the preinsufflation level, but those in Group I remained depressed by about 15% (P < 0.05).
No differences among the mean C~ values of the three groups were seen at any of the corresponding measurement stages.
No associations between age, sex, body-mass-index, duration of pressurization, or pressures used and changes in C~ were observed, except that the increment of C~ in the small subgroup I at deflation was inversely reetilinearly correlated with the body-mass-index (R 2 = 0.943, P < 0.029).
Discussion
This study confirmed the rapid decrease in C~ at peritoneal pressurization. The extent of progression of the detriment in the course of pressurization depended on the posture of the patients. The instant return of C~ at deflation in patients operated upon in a head-up tilt position was unexpected.
The decrease in C~ by 20% at insufflation made in horizontal position agrees with the earliest measurements published on the effect of pneumo-peritoneum I and approximated results given in a recent report on patients undergoing laparoscopic cholecystectomy.6 Hence, the decrease was less than the 40% decrement previously described at insufflation made in a head-down position for gynaecologic laparoscopy, where the final decrement to 50% of the initial level was observed during the maximum tilt used, 4 or at the end of the brief procedures. 3 Recoveries were 80-85% of initial C~ values. 3,4 Thus, the findings in Group I patients were much like those seen in young gynaecological patients, and correspond with a later report of a 40% decrease in lung compliance after two hours in the head-down position for laparoscopy. 7
The incomplete return of C~ in Group I patients, as compared with that in Groups C and F patients, was most probably effected by the prolonged head-down position combined with pressurization. Our results with cholecystectomy patients resembled those of a recent preliminary report showing a 30% decrease in lung compliance, and a complete reversal after deflation.8
The rapid return of C~ observed in patients undergoing laparoscopic surgery in the head-up tilt position, combined with a restoration of thoracoabdominal respiratory muscle balance within 75 min following laparoscopic cholecystectomy, 9 are prerequisites for the improvement of vital capacity, compared with open surgery. Yet, a clinical impression emerged to suggest that breathing, was often dis-coordinated and shallow after protracted fundoplication for inguinal hernia surgery. Linked with existing knowledge of early postoperative respiratory muscle imbalance after laparoscopy, accentuated by forced breathing, 9 the need for vigilant postanaesthetic monitoting of the adequacy of respiration still remains viable.
Respiratory monitoring using side stream spirometry revealed a 20% decrease in total respiratory compliance at insufflation for laparoscopy. The decrement continued during laparoscopy, being deepest (-40%) in patients operated upon in head-down tilt. Recovery was instantaneous after deflation in patients operated upon in headup position. 
